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Introduction
The recent backlash against globalization and resurgence of protectionist tendencies have renewed interest in the distributional impacts of trade protection. To inform trade and social protection policy reform, identifying who gains and who loses from trade and quantifying by how much is of crucial policy interest.
Trade reform impacts households as consumers, producers, wage earners, and, possibly, taxpayers. As a consequence, how a particular household is impacted by a trade reform depends on its income and consumption portfolios. This implies that trade reforms typically have very heterogeneous effects on household well-being. These heterogeneous impacts operating at the household level are difficult to measure with readily available data. This paper presents a new cross-country household survey data set, the Household Impacts of Tariffs (henceforth HIT) data set, that enables researchers to investigate how tariff changes impact the real incomes of households across the income distribution. The data set covers 54 developing countries, and was constructed by harmonizing representative household surveys with import tariff data from UNCTAD. The sample comprises all low-income countries for which relevant nationally representative household survey data-i.e., data with information on both households incomes and consumption spending is available-and a number of middle-income countries. In addition, we use the HIT database to assess trade policy and establish stylized facts about agricultural trade protection using a simple agricultural household model and a first-order effects approach as in Deaton (1989) . In mostly agrarian economies, as the ones covered in our data set, agriculture is a major source of gains and losses from trade, especially for the poor.
We find substantial gains from own agricultural tariff liberalization, amounting to 2.50 percentage points of real household income per capita across our sample of 54 countries.
Because of differences in consumption and income portfolios as well as in initial tariffs, there is huge heterogeneity in the gains from trade both across countries and across households within countries. For example, the average standard deviation of the gains from trade across countries is 1.01 percentage points, but it can be as high as 2.68 percentage points. Furthermore, in 29 countries, agricultural tariff liberalization would be pro-rich in the sense 1 that the top 20% richest households would gain proportionately more than the bottom 20%.
Yet, the poor would benefit more than the rich in 25 countries.
We also demonstrate the importance of having very disaggregated data by showing that using more aggregated data yields biased estimates of the gains from trade. The mean absolute difference in average gains estimated using disaggregated data versus aggregated data is 0.75 percentage points, or 30% of the average gains from trade across countries.
Granularity and heterogeneity are among the key features of the HIT data set, which can be downloaded from http://www.worldbank.org/en/research/brief/hit. The website also contains an online tariff reform simulation tool. The online data appendix describes in more detail how the data were harmonized, and how the tariff data can be updated.
The remainder of the paper is organized as follows. Section 2 presents the data and harmonization procedures, as well as some descriptive statistics both on the structure of protection as well as households' income and consumption portfolios. Section 3 presents a simple framework for assessing the first-order impacts of trade reform on household welfare. Section 4 presents the results from agricultural tariff cuts. A final section concludes.
Harmonizing Household Survey and Trade Data

Harmonizing household surveys
Household surveys are the predominant instrument for analyzing poverty and income inequality and are thus a natural starting point for evaluating the distributional impacts of trade policy. In this paper we introduce a harmonized household-level information data set, which is designed to assess trade policy, that covers 54 low-and middle-income countries (see Table 1 for a list of all surveys included in the HIT data set). 1 These data fill an important gap in the toolbox of policy makers and researchers, because these types of household-survey-based data are not usually readily amenable to analyzing the impacts of trade-reforms and can be hard to access. The list of countries, household surveys, year of data collection and sample sizes are reported in Table 1 .
1 Household surveys are typically collected by national statistical agencies.
2
A challenge for those interested in assessing how different households are impacted by trade policy is that tariff data are typically classified using the Harmonized System, whereas household survey classifications have historically been somewhat ad hoc. To render them compatible and comparable across countries, we aggregate goods in the household surveys to common 4-and 2-digit categories using separate expenditure, autoconsumption and income templates. We cover spending on, income derived from, and autoconsumption of 53 4-digit agricultural and food items. These include Staple Agriculture, such as corn and rice, and Non-Staple Agriculture, such as oils, cotton and tobacco. We also categorize spending on five classes of manufacturing items. In addition, we keep track of spending on five (non-tradeable) services and on four other expenditures. The fact that we have much more granular data on agricultural products than on manufacturing services reflects the nature and structure of the household surveys we are standardizing. Note that not all categories are populated in all surveys, which reflects both survey design and local consumption patterns (e.g., pork not being consumed in the majority of predominantly Muslim countries). The expenditure template is shown in Figure 1 .
On the income side, we keep track of income derived from the sales of the same 53 food items we cover on the expenditure side. In addition, whenever the survey design allows it, we also split wage income by sector, defined roughly at the 1 digit level, and keep track of non-farm household enterprise sales across 10 sectors, as well as various types of transfers.
The income template is shown in Figure 2 . We also keep track of production for home consumption using the autoconsumption template, which is shown in Figure 3 and contains 53 agricultural products and a select few categories for other goods.
Since many of the surveys are subject to confidentiality agreements, we aggregate the households and offer statistics for each percentile of the household per capita real income distribution. The database thus has 5,400 observations (54 countries and 100 observations per country), but is based on an underlying data set of 521,639 households which are, in turn, representative of approximately 1.8 billion people. The HIT database is best suited for country-specific analysis. In order to facilitate cross-country comparisons, we converted incomes to their constant 2010 USD equivalent by setting the survey mean of real expenditure 3 equal to the 2010 GDP per capita from the World Development Indicators. It should be noted that this is only an approximation to more proper international comparisons (see e.g. Deaton and Dupriez, 2011) and that the HIT database is not the World Bank Group's official poverty data, which can be found in PovcalNet. 2 Figure 4 pools all the data and shows how the aggregate spending categories identified in our data vary with (the log of) household income per capita (in constant 2010 USD).
To start, households spend a large share of their income on food and agricultural products.
Across all countries, the average household in our sample spends 44.7% of its income on food items, 17.4% on manufacturing goods, and 15.1% on services. Another 16.9% of expenditure is accounted for by goods households have produced themselves, which highlights the importance of dealing with home consumption in the analysis. This also implies that the total expenditure share in agriculture is 61.6%. While there is huge heterogeneity in spending patterns both across and within countries, the graph shows that, as households get richer, the share of income spent on food decreases, especially for the richest households. Spending on manufacturing goods, services, and other goods first declines with income but then increases sharply. The opposite happens with home consumption. The implication is that the tariff burden on different households will vary as a result of these different consumption patterns.
Agriculture is the most important source of income, accounting for 38.5% of total household income on average. This total comprises a 20.9% share of production for household consumption and 17.6% of sales of agricultural products in the market. Labor income represents 29.6% of household income, on average, and non-farm enterprises account for another 12.7%. Figure 5 shows how these aggregate income shares vary by income (in constant 2010 USD), demonstrating that for the very poorest households in our sample, agricultural income and home production tend to be the most important sources of earnings.
As households get richer, wage income becomes a progressively more important source of 2 Note also that the HIT consumption aggregates may differ from those in PovcalNet because the methodology used to calculate aggregate consumption differs from that of PovcalNet. To give a few examples, the HIT consumption aggregate includes expenditures on durable goods, while PovcalNet aggregates typically aim to capture the rental value of durables. As another example, the HIT data include all health expenditures, whereas health expenditures are not uniformly treated in PovcalNet. Note also that we are scaling up average expenditure per capita to match the national accounts estimates. Specifically, we set mean expenditure per capita equal to GDP per capita in constant 2010 US dollars. income on average. As a consequence, on the income side too, tariff incidence will vary across households.
Having disaggregated and nationally representative household-level data with information on both consumption and income portfolios is a major advantage since it enables policymakers and researchers to quantify the significant heterogeneity in the impacts of trade reforms across households. At the same time, it is worth bearing in mind some of the limitations of household surveys. For instance, they typically fail to capture households at the very top of the household income distribution. In addition, they do not adequately capture capital incomes. Moreover, they suffer from measurement error, especially in incomes, which are often underreported. To minimize the role of measurement error, we dropped households in the top and bottom 0.5% of the expenditure distribution prior to aggregating.
Harmonizing tariff data
The next step in the analysis is to convert tariffs at the HS6 level to the standardized product classifications from the household surveys. Each group i from the household surveys contains many finer product groups from the HS classification. To arrive at a product level average, we computed weighted average tariff rates τ i for each of the groups in the survey classification.
where n is an HS-category that belongs to survey-category i and m (c,n) are imports of good n from country c. To calculate (1), we use tariffs from the latest year for which data are available.
Tariffs vary both across countries and across products. The average tariff across countries is 14.2%. Tariffs are highest on average in Bhutan, notably 48.4% on average, and lowest in Iraq (5% on average), and tend to be lower in countries with higher levels of GDP per capita.
There is also significant variation in tariffs across the different products in our data. For agriculture, the focus of our applications, Figure 6 depicts both the mean and the maximum tariff for each of the 53 food items in our data. On average, the highest tariff is 39.4%, but 5 this masks considerable heterogeneity across countries: Sri Lanka levies a 125% tariff on cigarettes, while in Jordan the tariff on beer is 200%. 3
Tariffs and Household Welfare
To derive the welfare effects of agricultural tariffs at the household level, we adopt the standard framework of Deaton (1989) . In this setting, the indirect utility of household h is:
where p is a vector of prices, π h j is the profit derived from agricultural activity j, and x h 0 comprises fixed sources of income (such as gifts, remittances, transfers, and so on). Thus, household income y h is the sum of fixed income and agricultural income and is assumed to be equal to household expenditures. 4 This is the simplest possible setting to study the welfare effects of tariffs and we adopt it here in part as homage to Deaton's (1989) original formulation to study rice export taxes in Thailand, but mostly because an extended agricultural household model is appropriate given that we will be focusing on agricultural tariffs. Furthermore, this setting does not require strong structural assumptions. Adding more structure, the literature has extended this framework to allow for effects on wages, transfers, and non-traded consumer prices as well as non-traded family enterprise income. See Porto (2005 Porto ( , 2006 , Nicita, Olarreaga and Porto (2014) , Atkin, Faber and Gonzalez-Navarro (2018) and Artuc, Porto and Rjkers (2019) .
The welfare effects can be calculated with a first-order approximation. Differentiation of (2) with respect to the price of good i, p i yields:
where φ h i is the income share derived from the sales of good i and s h i is the share of good i in 6 the consumption bundle of household h. Following Deaton (1989 Deaton ( , 1997 , we can safely ignore the private marginal utility of income ∂V h /∂ ln y h in policy evaluation. In addition, letting τ i be the instrument of tariff protection for sector i and assuming perfect price pass-through elasticities, 5 so that d ln p i = −τ i /(1 + τ i ), the estimable welfare effects are given by:
The interpretation of this equation is straightforward. After a price change caused by tariff
, the first-order effects on real income can be well-approximated with the corresponding income and expenditure shares. In the language of Deaton (1989) , because we are working with tariff cuts and price declines, net-consumers benefit while net-producers suffer. Though this is well-known, it is important to clarify that the Deaton first-order approximation captures direct, short-term effects of tariff liberalization. In particular, it does not take into consideration second-order effects such as consumption and production adjustments (which may become progressively more important over time), labor or investment decisions, or any dynamic effect more generally.
The goal is to calculate the welfare effects generated by the entire structure of tariff protection. To obtain a measure, we sum the changes in welfare in (4) over all traded goods i to get:
where V h is the proportional change in household real income. Next, we use this expression to assess trade policy with the HIT database.
HIT Data in Action:
Agricultural Tariff
Liberalization
In order to illustrate the use of the database, we explore the welfare and distributional impacts of agricultural tariffs. To do this, we use our simple framework and simulate what would happen to average incomes, and their distribution, if a country were to eliminate its own agricultural import tariffs. This amounts to setting all agricultural tariffs to zero. Note that we work with unilateral tariff cuts and thus we run independent simulations for each of the 54 countries separately. 6
The outcome of this exercise comprises a set of results on the welfare effects for households at different levels of well-being for each country. As a first step in the analysis, these effects will be aggregated to study issues related to the gains from trade (Arkolakis, A major distinctive feature of our data is that they allow analysis of heterogeneity in the welfare effects of trade. Heterogeneity takes several forms. There is heterogeneity across countries, heterogeneity across households, heterogeneity across goods, and heterogeneity across sources of gains (namely, consumption and income effects). We illustrate these varying forms of heterogeneity by slicing the results from our simulations in different ways.
To begin, Table 2 shows that the aggregate gains are highly heterogeneous across countries. While the gains can exceed 5% of real household income, as in Zambia (6.93%), Bhutan (6.53%), Jordan (6.55%), Cameroon (6.25%), and Ecuador (5.05%), there are two countries with income losses, namely Burundi (-3.23%) and Ghana (-0.50%) and a few other countries with small gains (e.g., Cambodia, 0.17%). Figure 7 clearly illustrates the cross-country heterogeneity with a map of the relative magnitudes of the gains from trade.
We can also use these data to show an interesting result: there is a positive correlation between the aggregate gains from trade and the log of per capita GDP ( Figure 8 ). Roughly speaking, this suggests that richer countries stand to gain more from unilateral agricultural liberalization than the poorest ones.
Second, we examine household heterogeneity and explore distributional impacts, which is one of the main advantages of the Household Impact of Tariffs database. There is a burgeoning literature on this topic, including Porto (2006) and more recent contributions from Fajgelbaum and Khandelwal (2015) , Atkin, Faber and Gonzalez-Navarro (2018), Faber (2014) and Atkin and Donaldson (2015) , Antras, de Gortari and Itskhoki (2018) , and Galle, Rodriguez-Clare, and Yi (2017), and Artuc, Porto and Rijkers (2019) .
We start by plotting the developing world distribution of the gains from trade to show how HIT data can be used to analyze global implications of trade with a specific focus on farm households. 8
The variability in the gains from trade across countries is sizable; the average standard deviation of the income gains across the income distribution is 1.01% across countries. In Ukraine, the country with the lowest variance in the gains from trade, the standard deviation is 0.19 percentage points while in Burundi, the country with the highest variability, the standard deviation is 2.68 percentage points. It is interesting to note that the variability in the gains from trade across households is negatively correlated with the log of per capita GDP ( Figure 9 ). This is because, in the HIT data, poorer countries tend to have more heterogeneous income and consumption household portfolios. 9
Pooling all countries in our database, we plot the household-level gains from agricultural trade against the initial level of per capita household expenditure using a kernel non-parametric regression. Figure 10 shows the result of this exercise. In line with the stylized facts above, we find that the kernel slope is positive and steeps upward until the top percentiles of the developing world distribution of income and then becomes negative. Still, richer households tend to gain more from liberalization than poorer households. But it is the upper-middle class that stands to gain the most from agricultural tariff liberalization.
To quantify the extent to which the effects of trade vary for the poor vis-à-vis the rich, we calculate the pro-poor bias in agricultural trade policy. This is the difference between the average welfare effect for the poor (defined as the bottom 20% of the income distribution) and the average welfare effect for the rich (the top 20%). 10 On aggregate, agricultural tariff liberalization would be slightly pro-rich, with the richest households gaining 2.64 percent and the poor 2.20 percent (see columns 4-6 in Table 2 ). There are 29 of the 54 countries in which tariff liberalization would have a pro-rich bias. Using data from six countries which are also included in HIT data set, Nicita, Olarreaga and Porto (2014) show that tariff protection is pro-poor. In this study, however, we find that their results do not generalize to all developing countries. In 24 countries in the HIT data set tariff protection is pro-rich (and liberalization, pro-poor).
One simple way to assess how much we can gain by exploiting the heterogeneity in the household surveys is to compute the gains from trade using aggregate price changes and aggregate income and budget shares. To do this, we aggregate the staple agriculture income and budget shares from the 4-digit classification up to staple and non-staple agriculture.
We then compute the welfare gains from the elimination of aggregate tariffs, as before. The results are in Table 3 . There is indeed a bias when calculating the welfare effects with aggregated data. The size and direction of the aggregation bias calculated by comparing measures derived from aggregated data (presented in half of the estimates using disaggregated data. More extreme differences appear when we inspect countries with positive biases. In Cambodia and Ethiopia, the welfare gains are overestimated by a factor of 9 or 4, respectively. There are many instances where the estimates are biased by a factor of close to or above 2 (Burkina Faso, Cambodia, Ethiopia, Guinea-Bissau, Madagascar, Niger).
Using more aggregated data also gives different estimates of the distributional impacts of the gains from trade. Using the aggregated data trade policy is estimated to be pro-rich in 29 of the 54 countries, whereas it is estimated to be pro-rich in 23 of the 54 countries when using disaggregated data. More aggregated data tend to underestimate the gains accruing to rich households slightly more than they underestimate the gains accruing to poor households.
We now turn to examining product heterogeneity in the welfare effects. This is the heterogeneity that arises when we decompose the gains from trade into the consumption and income effects and, fundamentally, into disaggregated effects across goods. Since our templates build up from granular 4-digit categories of goods, we can exploit this feature of the data to showcase this heterogeneity. To do this, we select one country, Vietnam, and report the aggregate effects, the consumption effects and the income effects of each one of the 53 4-digit goods in the template (see Figures 1 and 2) . Results are in Table 5 . The pro-poor index in Vietnam is -1.70. This anti-poor bias of agricultural liberalization is due to the fact that the gains for the rich (2.74 percent) are higher than the gains for the poor (1.04 percent). Tariff liberalization in products such as Bananas and Cigarettes yields the largest pro-poor biases, but the tariff cuts in Corn, Other Processed Food and Rice are distinctly anti-poor. Note in particular the role of the rice income effect: because of lower prices and because the poor are major producers and sellers of rice, the net rice income loss for the poor is -2.35 percent, much higher than the net rice income loss for the rich (of only -0.58 percent).
To end, we report in Table 6 the results from scenarios where tariffs are eliminated only in cereals (namely, corn, wheat, rice and other cereals-sorghum, barley-in the templates).
This scenario is interesting because it combines a simulation for a set of related goods that accounts for more than 50% of global calorie intake, 11 across all countries. 12 Tariff liberalization in cereals would bring aggregate developing world gains of 0.42 percent, but there is a lot of variation in the gains from trade not only among the winners but also among the losers. For example, the gains from cereals liberalization can be as high as 1.92 percent in Guinea Bissau or 1.83 percent in Bhutan to as low as being almost negligible in Armenia, Georgia, and South Africa. There are also countries that would incur large losses, such as Vietnam and the Central African Republic (-1.70 and -0.99 percent, respectively), as well as countries in which losses are almost negligible (e.g., Ghana, the Arab Republic of Egypt, Malawi). This heterogeneity reflects the fact that some countries are more agrarian than others and that some are large net-consumers, others are large net-producers, and yet others either consume and produce little cereals or do so in similar magnitudes so that the net effects tend to cancel out. A similar story can be told about the pro-poor bias of liberalization.
There are countries where cereals liberalization would be clearly pro-poor (Tanzania, Bhutan, Guinea Bissau, Ecuador) and countries where it would be clearly pro-rich (Vietnam). There are also cases where the liberalization would be neutral and this can in turn be because of little direct consumption and production of grains (Armenia, Georgia) or because of the offsetting consumption and income effects (Madagascar, Nigeria).
As this analysis illustrates, the HIT data and our framework enable researchers to examine and exploit the extensive household heterogeneity in incomes and expenditures in many dimensions. There are some limitations to the framework that are important to note for accurate interpretation of our results. To make it operational, we need to impose some structure, in particular perfect competition, constant returns to scale, and product homogeneity. Since we work with household surveys and with an agricultural household modelà la Deaton, there are some limitations in the scope of the analysis as well. The household surveys do not collect reliable information on the returns to capital and on profits and often fail to capture very rich households. Also, there are marked differences between consumption and production aggregates from the household surveys and those from the national accounts. As a result, there might be some discrepancies between the household welfare effects from the HIT data and the aggregate welfare effects stemming from more general trade models. In addition, some relevant impacts, such as heterogeneous varieties, two-way trade or labor and investment effects, may require additional modeling assumptions as well as additional data (such as demand and supply elasticities and so on). In any case, most of the discussion about poverty, inequality and household welfare is typically based on household surveys and these surveys and the HIT data set are thus a natural starting point for analyzing the distributional impacts of trade policy.
5 Conclusion
Quantifying who benefits and who loses from trade reform and by how much is of crucial policy interest, but often challenging because of a lack of suitable data. The Household Impacts of Tariffs (HIT) data introduced in this paper are a publicly available household survey based data set covering 54 developing countries that enables researchers to analyze the distributional impacts of tariffs. It contains granular data for each percentile of the income distribution on both the income derived from and consumption of 53 agricultural products. In addition, it keeps track of spending on five different types of manufacturing goods and services, as well as transfers, and wage income disaggregated by 1-digit sector, 10 different types of non-farm household enterprise sales and various types of transfers.
Using a stylized agricultural model and a first-order effects approach we have illustrated potential applications of the data and shown that the prevailing structure of agricultural tariffs represses household incomes by 2.50% percentage points across countries. However, the costs of protectionism vary enormously across countries and across households within countries, because households in different parts of the income distribution tend to have very different income and consumption portfolios; the average standard deviation of the gains from trade within a country is 1.01 percentage points. We also show that using disaggregated data is important, because using more aggregated data yields biased estimates of the average gains from trade.
While we have focused on the elimination of agricultural tariffs, the HIT data set has a much wider set of potential applications and can accommodate richer and more sophisticated modeling assumptions. Examples of potential applications include assessing how EU and U.S. agricultural tariffs or regional trade-agreements, such as AGOA, impact households in low-income countries. 13 An analysis of poverty and inequality impacts of food price shocks is also possible. Moreover, the data can be used to study issues that are not related to trade reform, such as food subsidies or value-added tax reforms. 13 In the online Appendix we analyze the impact of non-tariff barriers. 
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